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(57) ABSTRACT

This mvention provides the oxidative mixed water with pH
around 7.4 ranging from the weak acidity to weak alkalinity,
high power of killing microorganisms, and high power of
healing wound by electrolysis using the three-compartment
cell composed of an anode compartment, a cathode compart-
ment, and amiddle compartment between the anode compart-
ment and the cathode compartment. Mixing anode water with
cathode water produced using the three-compartment device
forms the oxidative mixed water.
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MANUFACTURING METHOD OF OXIDATIVE
WATER TO BE EMPLOYED FOR
STERILIZATION

BACKGROUND OF THE INVENTION

1. Field of Invention

This 1invention concerns the oxidative water, process, and
equipment suitable for cleanming, sterilization, and wound
healing.

2. Related Art Statement

The anode water produced by electrolyzing saline solution
1s reported to be usetul for cleaning, disinfections (steriliza-
tion), and wound healing.

The anode water with the oxidation and reduction poten-
tial, hereinafter abbreviated to ORP, higher than 1100 mV 1s
reported to kill microorganism effectively and attracts the
attention in the fields of disinfections (sterilization).

In general, an electrolysis device containing a two-com-
partment cell composed of an anode and a cathode compart-
ment as shown 1n FIGS. 15 and 16 1s used to produce the
anode water suitable for disinfections or sterilization. In the
FIG. 15, the number 51 indicates an anode compartment; the
number 52 indicates a cathode compartment. The separate
membrane 53 of cation exchange membrane separates the
anode compartment from the cathode compartment. The
number 54 and 55 indicate each an anode electrode and a
cathode electrode. Saline water 1s fed to inlet 51a and 515 of
the cell. The anode water 1s supplied from the outlet 515 1n the
anode compartment. The cathode water 1s supplied from the

outlet 525 1n the cathode compartment after electrolysis.

The reactions 1n the anode compartment 51 are as follows:

2Cl =2e-—CL, (1)

DH,0-4e —O,+4H" (2)

Cl,+H,0—HCIO+HClI (3)

The reaction 1n the cathode compartment 52 1s as follows:

(4)

As clear FIG. 16, chloride 1ons move from the cathode
compartment to the anode compartment and then anode water
exhibits acidic pH. Cathode water always exhibits alkaline
pH because sodium 1ons move to a cathode compartment
from an anode compartment.

DH,0+2¢ —H,+20H"

Anode water produced by electrolyzing saline water 1s
used to kill microorganisms. The killing power of the anode
water 1s enhanced as the ORP increases. In order to increase
ORP, the electrolysis current should be increased.

Then, as the electrolysis current increases, the transier
rates of sodium from an anode compartment to a cathode
compartment and chloride 1ons from a cathode compartment
to an anode compartment are increased. The concentration of
chloride 10ns 1n the anode compartment increases and so the
pH of the anode water becomes strongly acidic.

The strong acidity causes sever corrosion on the surface of
some metal and 1s considered to be demerit. For example,
terrous metal severely corrode under acidic pH less than
around 3. In order to prevent metallic corrosion, the pH of
anode water 1s desired to be neutral such as around 7.

In addition, the anode water with neutral pH almost same
as the pH of blood or fluid of body 1s suitable to treat patients
alter surgery by medical doctors or nurseries. However, when
two-compartment cells are used, the pH of anode water with
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ORP higher than 1100 mV 1s lower than 3 and so strongly
acidic. Anode water produced by two-compartment cells 1s
very acidic and corrosive.

The three-compartment cell composed of an anode com-
partment, a cathode compartment, and a middle compartment
between an anode compartment and a cathode compartment
was 1nvented to overcome the demerit of two-compartment
cell. FIGS. 1,2, and 3 show schematically the new device
containing the three-compartment cell. FIG. 1 shows sche-
matically the important components of the device. FIG. 2
shows the top-view of electrode. FIG. 3 shows schematically
whole device.

In the figures, the number 1, 2, and 3 show each the anode
compartment, the cathode compartment, and the middle com-
partment. The anode compartment 1 1s separated from the
middle compartment 3 by the separate membrane 4. And the
cathode compartment 2 1s separated from the middle com-
partment 3 by another membrane 5. The number 5 and 6
indicate each the anode electrode with many holes and the
porous cathode electrode with many holes as shown1n FI1G. 2.
These electrodes 5 and 6 are closely attached to the mem-
branes 4 and 6. In addition the anode electrode 5 1s located in
the anode compartment 1 and the cathode electrode 6 1s
located 1n the cathode compartment 2. Glass beads or 1on
exchange resins are packed 1n the middle compartment 3.
When the electrolyte solution containing halogen 10ons such as
chloride 10ons 1s supplied to the middle compartment 3 the
resistivity of cell 1s lowered and so glass beads can be used 1n
place of 10n exchange resins.

The number 1a and 15 show each the inlet and outlet of the
anode compartment 1. The number 2a and 25 shows each the
inlet and outlet of the cathode compartment 2. The number 3a
and 35 show each the 1nlet and outlet of the middle compart-
ment. The number 8 indicates the pipe connecting to the inlet
1a and 1nlet 2a 1s used to feed the cell with water. The number
9 indicates the pipe connected to the inlet 3a and 36 for
circulating the electrolyte solution 1n the tank 10 through the
middle compartment 3, such as saline, by using the circula-
tion pump 11. The anode water produced 1s stored in the
storage tank 12 that 1s connected to the outlet 12 of the anode
compartment 1 through the pipe 13.

Electrolyte solutions such as saline are not fed directly to
the anode compartment 1 or the cathode compartment 2.
Although the concentration of salts 1n anode water 1s consid-
ered to be low, compared with two-compartment cell.

The anode water inevitably exhibits still acidic pH because
some quantity of chloride 10ns 1s transferred from the middle
compartment 3 to the anode compartment 1.

SUMMARY OF THE INVENTION

The problems to be solved are to produce the oxidative
water with pH ranging from weak acidic to week alkaline
region including neutral pH, suitable for disinfections (ster-
1lization), or wound healing

The reaction mechanism in the three-compartment cell
shown 1n FIG. 1 differs from the reactions mechanism in the
two-compartment cell shown 1n FIG. 15.

(A) the cathode water produced by the three-compartment
cell 1s considered to contain the another species described
in the following reactions, in addition to the hydrogen (H.,)
molecules and hydroxide (O1ff) 1ons produced by the two-
compartment cell.

O,+e —02" (5)

H20 +H20+e —20H.+OH" (6)
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O2+H++e-—HO?2 (7)

(8)
(9)

These reductive products of oxygen are a kind of active
oxygen and considered to be effective for killing microorgan-
1SImSs.

In addition, the pH of cathode water 1s alkaline. So, the pH
ol anode water can be adjusted to neutral pH ranging from 6
to 8 by adding cathode water without reducing the power of
killing microorganisms.

Since cathode water contains many active species against
microorganisms, such as active oxygen, the power of killing
microorganisms of the mixture 1s enhanced and then the ORP
simultaneously increases in contrast to the simple mixture of
anode water and hydroxide water.

Production eflicacies of active species produced in cathode
water depend upon the structure of electrolytic cell. When the
simple three-compartment cell 1s used, oxidative species such
as oxygen molecules formed on the anode electrode 6 diffuse
to the middle compartment 3 and then the concentration of
dissolved oxygen 1s enhanced. Oxygen molecules 1n the
middle compartment 3 move to the cathode electrode 7
through the membrane 3 and then concentration of oxidative
species increase. On the other hand, when two-compartment
cells are used, the formation of the active species was not
observed. So the enhancement of killing power cannot be
obtained by using two-compartment cells.

(B) When chloride 10ns are supplied to the middle compart-
ment 3, the residual chlorine concentration in the anode
water 1s found to depend upon the feed rate of water to the
anode compartment 1. The relationship between the con-
centration of residual chlorine and feed rate of water to the
anode compartment, when the three-compartment cell 1s
used, 1s shown 1n FIG. 4. This figure suggests that as the
flow rate of feed water decrease, the concentration of
residual chlorine increases.

The bypass line between the 1nlet and outlet of the anode
compartment makes 1t possible to increase simultaneously
both the production rate and the concentration of residual
chlorine. The total flow rate can be increased while passing
water through the bypass line decreases the flow rate in the
anode compartment.

(C) Covering with non-woven clothe on the surface of anode
clectrode 6 opposite to the membrane facilitate accumula-
tion of gas components such as oxygen gas produced on the
anode electrode 6. And then another oxidative species are
produced according to the following reactions.

20,+2H,+2e —H,0,+2H"

0,+H,0+2e —HO, +OH"

DH,0-4e —O,+4H* (10)

H,0+0,~2¢ —2H"+0, (11)

DH,0-2¢720.+4H* (12)

2H,0-3e —3H*'+HO, (13)

2H,0-2¢ —2H*+H,0, (14)

Ozone (O,) or oxygen radical (O.) can be produced and
then react with chloride ions transferred from the muaddle
compartment 3 to form the intermediate complexes such as
(O,—C17) complex. Finally, this intermediate complex
changes to hypochlorite (HCIO) without formation of chlo-
rine molecules (Cl,).

Since oxygen gas accumulates around the anode electrode
6, the production efficacies of HO2 or H20O2 are considered to
increase under the condition of high electrolysis current den-

S1ty
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The production eflicacies of highly oxidative species such
as ozone should be increased to obtain high ORP as clear from
the reaction (11). The cover with non-woven clothe on the
surface of anode electrode facilitates the accumulation of
oxygen gas around electrode and finally increase the produc-
tion eflicacies of highly oxidative species.

(D) Oxygen gas (O2) and chlorine gas (Cl2) are more soluble
in alkaline water, compared with acidic or neutral water.
S0, 1 order to prevent the evaporation of these species
from anode water, the anode water with acidic pH should
be rapidly mixed with cathode water with alkaline pH. The
mixture of the anode and cathode water should be finished
within 300 minutes and furthermore favorably finished
within 30 minutes. The mixture of the anode and cathode
water immediately after electrolysis 1s most preferred. So,
the pipe connecting between the outlet 15 of the anode
compartment, the outlet 26 of the cathode compartment,
and the tank 12 facilitates to rapidly mix the anode water
with cathode water.

This system does not represent the mixture of anode water
stored in anode water storage tank and cathode water stored 1n
a cathode water storage tank right before actual use of mixture
solution with neutral pH. The invention 1s confirmed by the
following tests.

First, the three-compartment cell depicted in the FIGS. 1,
2, and 3, 1s used to make a test.

First, the three-compartment cell depicted 1n the FIGS. 1,
2, and 3, 1s used to make a test.

Pure water 1s fed to both the 1nlet 1a of the anode compart-
ment 1 and the mlet 2a of the cathode compartment 2 at the
same tlow rate of 1.01/min. Saturated saline water 1s fed to the
inlet 3a of the middle compartment at the flow rate of 2.5
I/min. The electrode 6 and 7 with dimension of 80x60 mm~
are plated with platinum. The separate membrane between
the anode compartment and cathode compartment 1s a lami-
nated membrane of fluorinated cation exchange membrane
tabricated by Dupont (Nafion 117) and anion exchange mem-
brane fabricated by Asahi glass limited (AMYV). The separate
membrane between the cathode compartment and the middle
compartment 1s a fluorinated cation exchange membrane fab-
ricated by Dupont (Nafion 424). Glass beads with 2 mm

diameter are packed to the middle compartment.

The two-compartment cell shown in FIG. 15 1s used for
comparison with the three-compartment cell. The material
and dimension of electrodes 54 and 45 are the same as the
clectrodes 5 and 6. The separation membrane 1s an anion
exchange membrane fabricated by Asahi glass limited
(AMYV). Saline with the concentration of 0.05 wt % 1s fed to
both the anode and cathode compartment at the flow rate of
1.0 I/min. The electrolysis current 1s kept at around 12 ampere
both for the three-compartment cell and two-compartment
cell for comparison.

Table 1 shows the pH, the ORP, and the concentration of
active oxygen in the cathode water detected by using luminol
reaction. A luminol reaction 1s suitable to detect the active
species such as O,~ and O,>". An ORP measurement was
made by using platinum electrode as a sample electrode.

[,

TABL

L1

1

the concentration

of active ORP
oxygen (ppm) (Mv) pH
three-compartment cell 15 20 11.9
tow-compartment cell 1 —-890 12



US 7,749,370 B2

S

Table 1 indicates that the production efficacy of active
oxygen for the three-compartment cell 1s higher than that for
the two-compartment cell. In general, hydrogen gas 1s solved
in cathode water and contributes to the negative ORP of
around —-800 mV. However the ORP of cathode water pro-
duced by the three-compartment cell 1s around 20 mV and
considered to originate from active oxygen.

The relationship between the concentration of residual
chlorine and the flow rate 1 the anode compartment is
explained as follows. FIG. 4 shows that the relationship
between the concentration of residual chlorine and the feed
rate of water to the anode compartment 1 1s not linear. As the
teed rate decreases, the concentration of residual chlorine per
unit feed rate enhances. For example, the concentration of
residual chlorine 1s 25 ppm at the feed rate o1 0.5 1/min but 70
ppm at the feed rate o1 0.5 I/min. the latter concentration ot 75
ppm at the feed rate 01 0.5 I/min. 1s converted to 35 ppm at the
feed rate of 1.0 I/min. thus the production efficacy increases
with decreasing feed rates.

The bypass line 14 of the anode compartment 1 shown FIG.
5 increases the production efficacy of active species. The
bypass line 1s connected to the pipe 8 and pipe 14. Feed water
1s distributed into the bypass line 14 and the anode compart-
ment 1. After electrolysis, the anode water and the water in the
bypass line 14 flows together into pipe 13. In addition, the
system and symbols in FIG. 5 are the same as those in FIGS.
1. 2, and 3.

Table 2 shows the flow rate of the anode compartment, the
flow rate of the bypass line, and the concentration of residual
chlorine, ORP, and pH. Water treated with a reveres osmosis
membrane 1s fed to the electrolysis cell.

TABLE 2
the flow rate of the flow rate of  the concentration
the anode the bypass line of residual ORP
compartment (I/ml.) (I/ml.) chlorine (ppm) (mV) PH
0.1 0.9 100 1120 3.6
0.2 0.8 90 1130 3.3
0.5 0.5 70 1150 3.1
0.7 0.3 30 1160 2.9
1 0 25 1170 2.8

Table 2 indicates that increasing the flow rate of the bypass
line and decreasing the feed rate to the anode compartment
can improve the electrolysis efficacy, which means the
increase 1n the concentration of residual chlorine. In addition,
as the flow rate of the bypass line increases, the pH of anode
water shiits to neutral pH,

Next, the cell containing the anode electrode covered with
fluorinated non-woven cloth 1n the device shown in FIG. 3 at
the feed rate to the anode compartment 1 o1 0.2 I/min and the
bypass tlow rate of 1.8 I/min. the anode water 1s produced at
the flow rate of 2 I/min. For comparison, the cell without the
fluorinated non-woven cloth is used for testing.

Table 3 shows the ORP and the pH measured for the anode
water 1n the storage tank 12.

TABLE 3
ORP (mV) pH
with non-woven cloth 1142 3.5
without non-woven cloth 1130 3.3

Table 3 indicates that the cell with the non-woven cloth 1s
preferred to the cell without the non-woven cloth because
using the non-woven cloth increases the ORP and pH.
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6

The experimental results mentioned above contribute to
this 1nvention.

The problems mentioned above can be solved by this
invention described 1n the following. This mnvention 1s now
explained more fully and concretely by describing 1t pre-
ferred embodiments with reference to the accompanying
drawings.

The present invention has been achieved based upon such
knowledge.

That 1s, 1n order to solve the above-mentioned problems, a
manufacturing method of oxidative water to be employed for
sterilization, said manufacturing method characterized 1in
comprising:

an anode water producing step of obtaining anode water
with an electrolyzing process employing an electrolysis
device, said electrolysis device comprising an anode
compartment, a cathode compartment and a middle
compartment, said middle compartment being provided
between said anode compartment and said cathode com-
partment;

a cathode water producing step of obtaining cathode water
with an electrolyzing process employing an electrolysis
device, said electrolysis device comprising an anode
compartment, a cathode compartment and a middle
compartment, said middle compartment being provided
between said anode compartment and said cathode com-
partment; and

a mixing step of mixing the anode water produced by said
anode water producing step

said electrolysis device employed 1n said anode water pro-
ducing step has a structure and the cathode water produced by
said cathode water producing step.
In the manufacturing method of oxidative water,
said electrolysis device employed 1n said cathode water
producing step has a structure in which the cathode

compartment 1s provided with partitioming plates and
said cathode compartment is partitioned into N cells (N

1s an mteger of 2 or more); and
the cathode water 1n said mixing step 1s cathode water
coming from the cells of which the number 1s (N-1) or
less 1n the cathode compartment of said electrolysis
device.
In the manufacturing method of oxidative water, 1n which
a bypass line 1s provided 1n parallel to the anode compart-
ment; and
the anode water 1n said mixing step 1s water obtained by
adding raw water coming from said bypass line without
passing through said anode compartment to the anode
water coming from said anode compartment.
In the manufacturing method of oxidative water, charac-
terized 1n that:
between said anode compartment and said middle chamber
of said electrolysis device, a separating membrane 1s
provided on the latter side and also a porous anode
clectrode 1s provided on the former side, said separating,
membrane and said anode electrode are closely attached
to each other, and said separating membrane 1s config-
ured by employing an 1on exchange membrane; and
the anode water 1n said mixing step 1s anode water obtained
by performing the electrolyzing process employing said
clectrolysis device.
In the manufacturing method of oxidative water, charac-
terized 1n that:
between said anode compartment and said middle chamber
of said electrolysis device, a separating membrane 1s
provided on the latter side and also a porous anode
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clectrode 1s provided on the former side, and said sepa-
rating membrane and said anode electrode are closely
attached to each other, and further a porous msulator 1s
provided on the anode compartment-side surface of said
anode electrode; and

the anode water 1n said mixing step 1s anode water obtained

by performing the electrolyzing process employing said
clectrolysis device.

In the manufacturing method of oxidative water, charac-
terized 1n that: the separating membrane provided between
sald anode compartment and said middle compartment of
said electrolysis device 1s configured by employing an anion
exchange membrane and a fluorinated cation exchange mem-
brane.

In the manufacturing method of oxidative water, charac-
terized 1n that: the separating membrane provided between
said anode compartment and said middle compartment of
said electrolysis device 1s configured of laminated mem-
branes of an amon exchange membrane and a fluorinated
cation exchange membrane.

In the manufacturing method of oxidative water, charac-
terized in that: said porous insulator 1s a non-woven cloth
made of fluorine-contained resin.

In the manufacturing method of oxidative water, charac-
terized in that: between said cathode compartment and said
middle chamber of said electrolysis device, a separating
membrane 1s provided on the latter side and also a porous
cathode electrode 1s provided on the former side, said sepa-
rating membrane and said cathode electrode are closely
attached to each other, and further said separating membrane
1s configured by employing an 1on exchange membrane; and

the cathode water in said mixing step 1s cathode water

obtained by performing the -electrolyzing process
employing said electrolysis device.

In the manufacturing method of oxidative water, charac-
terized 1n that: 1on exchange resin 1s provided 1n said middle
compartment of said electrolysis device; and

the anode water and/or the cathode water 1n said mixing

step are anode water and/or cathode water obtained by
performing the electrolyzing process employing said
clectrolysis device.

In the manufacturing method of oxidative water, charac-
terized 1n that: an electrolytic material MX (X 1s a halogen) 1s
charged 1nto said middle chamber of said electrolysis device;
and

the anode water and/or the cathode water 1n said mixing
step are anode water and/or cathode water obtained by
performing the electrolyzing process employing said
clectrolysis device having the middle compartment 1n

which said MX exists.

In the manufacturing method of oxidative water, charac-
terized 1n that said anode water and said cathode water to be
employed in said mixing step are water produced by an 1den-
tical electrolysis device.

In the manufacturing method of oxidative water, charac-
terized 1n that said anode water and said cathode water to be
employed 1n said mixing step are water produced by different
clectrolysis devices respectively.

In the manufacturing method of oxidative water, charac-
terized 1n that said mixing step 1s a step of mixing said anode
water and said cathode water so that the mixed water with pH
4 to 8 1s produced.

In the manufacturing method of oxidative water, charac-
terized 1n that said mixing step 1s a step of mixing said anode
water and said cathode water so that the mixed water with pH
6 to 8 15 produced.
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In the manufacturing method of oxidative water, charac-
terized 1n that the mixing of said anode water and said cathode
water 1s performed within 300 minutes after production of
said anode water and said cathode water.

In the manufacturing method of oxidative water, charac-
terized 1n that the mixing of said anode water and said cathode
water 1s performed within 30 minutes after production of said
anode water and said cathode water.

In the manufacturing method of oxidative water, charac-
terized 1n that said manufacturing method 1s a method of
manufacturing oxidative water to be employed for wound
healing.

This invention makes 1t possible to produce the oxidative
water with almost neutral pH ranging from week acidity to
week alkalinity, which exhibits high power of killing micro-
organisms and high power of healing wound. This oxidative
water can be applied to disinfections (sterilization) or wound
healing of human bodies with no adverse effect because the
pH of oxidative water 1s almost neutral, different from anode
water produced by other cell

This mnvention provides the manufacturing process produc-
ing oxidative mixed water suitable for cleaning by utilizing
the mixing processes ol the anode water produced by the
clectrolysis cell composed of three compartments, such as an
anode compartment, a cathode compartment and a middle
compartment between the anode and the cathode compart-
ments, with the cathode water produced by the electrolysis
cell composed of three compartments such as an anode com-
partment, a cathode compartment and a middle compartment
between the anode and cathode compartment

In the mvention mention above, the cathode compartment
1s divided into N rooms (N 1s larger than 2) with partition
plates and the manufacturing process of oxidative mixed
water 1s characterized by mixing anode water with cathode
water produced using (N-1) rooms of the cathode compart-
ment.

In the invention mentioned above, the bypass line 1s con-
nected between the inlet and outlet of the anode compartment.
The anode water and the fabrication process are characterized
by mixing anode water produced in the anode compartment
and feed water passed through bypass lines.

In the invention mentioned above, the anode compartment
1s separated from the middle compartment with a separate
membrane composed of 1on exchange membrane, 1n which
the porous anode electrode 1s closely attached to the separate
membrane. The anode water and fabrication process 1s char-
acterized by using the anode compartment.

In the invention mentioned above, the anode compartment
1s separated from the middle compartment with a separate
membrane composed of 10n exchange membrane, 1n which
the porous anode electrode 1s closely attached to the separate
membrane and then covered with porous isulator on the
surface opposite to the separate membrane. The anode water
and fabrication process are characterized by using this anode
compartment.

In the invention mentioned above, the separate membrane
between the anode compartment and the middle compartment
1s characterized by combined use of anion exchange mem-
brane and fluorinated cation exchange membrane and espe-
cially the laminated membrane of anion exchange membrane
and fluornated exchange membrane.

In the mvention mentioned above, the porous nsulator 1s
characterized by tfluorinated non-woven cloth.

In the mvention, the cathode compartment 1s separated
from the middle compartment with a separate membrane
composed of 10n exchange membrane, 1n which the porous
cathode electrode 1s closely attached to the separate mem-
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brane. The fabrication process of cathode water 1s character-
1zed by using the cathode compartment.

In the invention mentioned above, the fabrication process
1s characterized by mixing an anode and a cathode water
produced by utilizing the three-compartment cell composed
of the anode compartment, the cathode compartment, and the
middle compartment between the anode compartment and the
cathode compartment 1n which 1on exchange resins are pack
in the middle compartment.

In the invention mentioned above, the fabrication process
1s characterized by mixing an anode and cathode water pro-
duced by utilizing the three-compartment cell composed of
the anode compartment, the cathode compartment, and the
middle compartment between the anode compartment and the
cathode compartment 1n which electrolyte solutions contain-
ing halide 1ons are fed to the middle compartment.

In the invention mentioned above, the fabrication process
1s characterized by both anode water and cathode water pro-
duced by using the same electrolysis cell.

In the invention mentioned above, the fabrication process
1s characterized by anode water and cathode water produced
by using different electrolysis cells.

The fabrication process 1s characterized by producing the
oxidative mixed water with pH 4 to 8 by mixing the anode
water with the cathode water formed using electrolysis cells
described in the invention mentioned above. The mixing ratio
ol anode water and cathode water 1s determined to produce
the oxidative mixed water with pH 4 to 8.

The fabrication process 1s characterized by producing the
oxidative mixed water with pH 6 to 8 by mixing anode water
with cathode water using the electrolysis cells described in
the mvention mentioned above. The mixing ratio of anode
water and cathode water 1s determined to produce the oxida-
tive mixed water with pH 6 to 8.

In the invention mentioned above, the fabrication process
1s characterized by producing the oxidative water by mixing
anode water with cathode water within 300 minutes after
production of anode and cathode water. In particular, the
fabrication process 1s characterized by producing the oxida-
tive water by mixing anode water with cathode water within
30 minutes after production of anode and cathode water.
Furthermore, the fabrication process 1s characterized by pro-
ducing the oxidative water by mixing anode water with cath-
ode water within 10 minutes after production of anode and
cathode water. The fabrication process 1s characterized most
preferably by producing the oxidative water by mixing anode
water with cathode water immediately after producing anode
and cathode water.

In the invention mentioned above, the fabrication process
1s characterized by producing the oxidative mixed water suit-
able for sterilization 1n place of cleaning.

In the invention mentioned above, the fabrication process
1s characterized by producing the oxidative mixed water suit-
able for wound healing in place of cleaning.

The fabrication equipment for producing the oxidative
mixed water with pH 4 to 8 suitable for cleaning 1s charac-
terized by containing the electrolysis three-compartment cell
composed of the anode compartment, the cathode compart-
ment and the middle compartment between the anode and the
cathode compartments, the tank, the first channel between the
cathode compartment and the tank, the second channel
between the anode compartment and the tank, and the func-
tion controlling the flow rate of anode and cathode water.

The fabrication equipment for producing the oxidative
mixed water suitable for cleaning 1s characterized by contain-
ing the tank, the electrolysis three-compartment cell com-
posed of the anode compartment, the cathode compartment,
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and the middle compartment between the anode and the cath-
ode compartments, 1n which the cathode compartment 1is
divided into N rooms (IN>2), the channel between the cathode
rooms (less than N-1) and the tank, and the second channel
between the anode compartment and the tank.

The fabrication equipment for producing the oxidative
mixed water suitable for cleaning 1s characterized by contain-
ing the electrolysis three-compartment cell composed of the
anode compartment, cathode compartment, and the middle
compartment between the anode and the cathode compart-
ments, the tank, the first channel between the cathode com-
partment and the tank, the second channel between the anode
compartment and the tank, and then the bypass channel
between an inlet and a outlet of the anode compartment.

The fabrication equipment for producing the oxidative
mixed water for cleaning 1s characterized by containing the
clectrolysis three-compartment cell consisting of the anode
compartment, cathode compartment, and the middle com-
partment, 1n which the cathode compartment 1s divided into N
rooms (N>2), the first channel between the tank and the
cathode rooms (less than N-1), the second channel between
the second channel between the tank and the anode compart-
ment to which the pipe 1s connected to bypass the anode
compartment.

In the mvention mentioned above, the fabrication equip-
ment for producing the oxidative mixed water 1s character-
1zed by consisting one electrolysis device

In the mvention mentioned above, the fabrication equip-
ment for producing the oxidative mixed water 1s character-
1zed by containing M sets of the electrolysis cells (A, A,,)
(M>2), the tank, the second channels between the tank and
cach anode compartment of M sets of electrolysis cells, and
the first channels between the tank and a part of the cathode
compartments of M sets of electrolysis cells.

In the mvention mentioned above, the fabrication equip-
ment for producing the oxidative mixed water 1s character-
1zed by containing M sets (M>2) of electrolysis cells, and the
first channel between the cathode compartment of the A, cell
and the tank, second channel between the anode compartment
of the A, cell and the tank, the third channel between the
anode compartment of the A,_, cell (k=1 ... M-1) and the
cathode compartment of the A, (k=1 ... M-1) cell, 1n whic
the anode water produced by the A, , (k=1 ... M-1) cell 1s
supplied to the cathode compartment of the A, , cell
(k=1...M-1).

The fabrication equipment for producing mixed oxidative
mixed water suitable for cleaning 1s characterized by contain-
ing M sets of the electrolysis cells (A, . . . AM) (M>2)
composed of the anode compartment, the cathode compart-
ment, and the middle compartment between the anode and the
cathode compartments, the tank, the second channels
between the M sets of the anode compartments and the tank,
the first channels between the a part of the cathode compart-
ments and tank 1n which the anode water 1s mixed with a part
of the cathode water 1n the tank.

The fabrication equipment for producing the oxidative
mixed water suitable for cleaning 1s characterized by contain-
ing M sets (M>2) of electrolysis cells, the tank, the first
channel between the cathode compartment of A, cell and the
tank, the second channel between the anode compartment of
the A, cell and the tank, the third channel between the anode
compartment of A, , cell (k=1 ... M-1) and the cathode
compartment of the A, (k=1 ... M-1)cell in which the anode
water produced by the Ak+1 (k=1 ... M-1)cell1s supplied t
the cathode compartment of the A, , cell (k=1 ... M-1).

In the mvention mentioned above, the fabrication equip-
ment for producing the oxidative mixed water 1s character-
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1zed by containing the electrolysis cell composed of the anode
compartment, cathode compartment, and the middle com-
partment between the anode and the cathode compartments
which are separated by 1on exchange membranes, the porous
anode electrode 1n the anode compartment and the porous
cathode electrode 1n the cathode compartment, 1n which each
clectrode are attached to the separate membranes.

In the mvention mentioned above, the fabrication equip-
ment for producing the oxidative mixed water 1s character-
1zed by containing the electrolysis cell composed of the anode
compartment, cathode compartment, and the middle com-
partment between the anode and the cathode compartments
which are separated by 1on exchange membranes, the porous
anode electrode 1n the anode compartment and the porous
cathode electrode 1n the cathode compartment, 1n which each
clectrodes are attached to the separation membranes and then
the porous 1nsulator covers the anode porous electrode on the
side opposite to the separate membrane.

In the mvention mentioned above, the electrolysis cell 1s
characterized by combined use of anion exchange membrane
and fluorinated cation exchange membrane as the separate
membrane between the anode compartment and the middle
compartment. In particular, the electrolysis cell 1s character-
1zed by use of the laminated membrane of anion exchange
membrane and fluorinated cation exchange membrane as the
separate membrane between the anode compartment and the
middle compartment.

In the invention mentioned above, the electrolysis cell 1s
characterized by using the tfluorinated non-woven cloth as the
porous 1nsulator for covering the porous anode electrode on
the side opposite to the membrane.

In the mvention mentioned above, the electrolysis cell 1s
characterized by using the 1on exchange resins packed into
the middle compartment.

In the mvention mentioned above, the fabrication equip-
ment for producing the oxidative mixed water 1s character-
ized by containing the control system using pH sensor to
controlling the mixing ratio of anode water and cathode water
in the tank to adjust the pH between 4 and 8.

In addition, this invention provides other controlling sys-
tem which adjusts the opening or closing of valve set in the
channel between the cathode compartment and the tank or
clectrolysis current for electrolysis device.

In the mvention mentioned above, the fabrication equip-
ment 1s characterized by producing the oxidative mixed water
suitable to sterilization 1n place of cleaning.

In the mvention mentioned above, the fabrication equip-
ment 1s characterized by producing the oxidative mixed water
suitable to wound healing 1n place of cleaning.

The oxidative mixed water suitable for cleaning i1s charac-
terized by mixing the anode water produced by utilizing the
clectrolysis cell composed of the anode compartment, the
cathode compartment and the middle compartment between
the anode and the cathode compartment and the cathode water
produced by utilizing the electrolysis cell composed of the
anode compartment, the cathode compartment and the
middle compartment between the anode and the cathode

In the invention mentioned above, the oxidative mixed
water 1s characterized by mixing anode water and with cath-
ode water within 300 minutes after producing anode and
cathode water, in particular by mixing anode water and with
cathode water within 30 minutes after producing anode and
cathode water, furthermore by mixing anode water and with
cathode water within 10 minutes after producing anode and
cathode water, and most preferably by mixing anode water
and with cathode water immediately after producing anode
and cathode water.
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In the invention mentioned above, the oxidative mixed
water 1s characterized by mixing the anode water produced
using the electrolysis cell composed of the anode compart-
ment, the cathode compartment, and the middle compartment
between the anode and the cathode compartments separated
by 1on exchange membranes, 1n which the porous anode
clectrode 1n the anode compartment 1s attached to the mem-
brane.

In the invention mentioned above, the oxidative mixed
water 1s characterized by mixing the cathode water produced
using the electrolysis cell composed of the anode compart-
ment, the cathode compartment, and the middle compartment
between the anode and the cathode compartments separated
by 10on exchange membranes, in which the porous cathode
clectrode 1n the cathode compartment 1s attached to the mem-
brane

In the invention mentioned above, the oxidative mixed
water 1s characterized by pH 4 to 8, 1n particular, by pH 6 to
8 and then the concentration of residual chlorine more than 5
ppm, preferably more than 10 ppm, more preferably more
than 20 ppm, most preferably more than 30 ppm, and prefer-
ably less than 500 ppm, more preferably less than 400 ppm.,
most preferably less than 350 ppm.

In the invention mentioned above, the oxidative mixed
water 1s characterized by suitable for the sterilization in place
of cleaning.

In the invention mentioned above, the oxidative mixed
water 1s characterized by suitable for the wound healing 1n
place of cleaning.

DESCRIPTION OF THE ACCOMPANY ING
DRAWINGS

FIG. 1 shows a schematic drawing of three-compartment
cell used 1n this 1nvention.

FIG. 2 shows a top view of electrode.

FIG. 3 shows a schematic drawing of electrolysis device
containing a three-compartment cell.

FIG. 4 shows a graph of the relationship between flow rates
and concentrations of residual chlorine.

FIG. 5 shows a schematic drawing of electrolysis device
with a bypass line.

FIG. 6 shows a schematic drawing for an important part of
equipment used for producing water 1n the experiment 1.

FIG. 7 shows a schematic drawing for an important part of
equipment used for producing water 1n the experiment 4

FIG. 8 shows a schematic drawing for three-compartment
cell contained 1n the electrolysis device.

FIG. 9 shows a schematic drawing for an important part of
equipment used for producing water in the experiment 5.

FIG. 10 shows a schematic drawing for an important part of
equipment used for producing water 1n the experiment 6.

FIG. 11 shows a schematic drawing for an important part of
equipment used for producing water 1n the experiment 7.

FIG. 12 shows a schematic drawing for an important part of
equipment used for producing water 1n the experiment 8.

FIG. 13 shows a schematic drawing for an important part of
equipment used for producing water 1n the experiment 9.

FIG. 14 shows a schematic drawing for an important part of
equipment used for producing water 1n the experiment 10.

FIG. 15 shows a schematic drawing for an important part of
two-compartment cell.

FIG. 16 shows a schematic drawing for reactions 1n a
two-compartment cell.
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Explanation of symbols in FIGS.

pipe (first channel)
valve (adjusting mechanism)
pH sensor

1 anode compartment
2 cathode compartment
3 middle compartment
4 separation membrane
5 separation membrane
6 anode electrode
7 cathode electrode
8 pipe

12 tank (storage tank)

13 pipe ( second channel)

14 bypass piping

15

16

17

DESCRIPTION OF PREFERRED
EMBODIMENTS

This invention 1s now explained more fully and concretely
by describing 1t preferred embodiments with reference to the
accompanying drawings.

This 1nvention makes 1t possible to produce the oxidative
mixed water with almost neutral pH ranging from week acid-
ity to week alkalinity, which reveal high power of killing
microorganisms and high power of healing wound.

This oxidative mixed water can be applied to disinfections
or wound healing of human bodies with no adverse effect
because the pH of oxidative water 1s almost neutral 1n com-
parison with anode water produced by other cell.

The oxadative mixed water 1s prepared by mixing anode
water produced by the three-compartment cell composed of
the anode compartment, the cathode compartment, and the
middle compartment and cathode water produced by the
three-compartment cell composed of the anode compartment,
the cathode compartment, and the middle compartment,

Experiment 1

The three-compartment cell composed of the anode com-
partment 1; the cathode compartment 2, and the middle com-
partment 3 shown 1n FIG. 1 was used to make an experiment.
This type of cell becomes a public knowledge.

In this mvention, the electrolysis device containing the
three-compartment cell was developed as shown 1n FIG. 6.
The device shown 1n FIG. 6 differs from the device shown 1n
FIG. 3 1n the pipe 15 connected between the outlet 256 of the
cathode compartment and the pipe 13.

In this experiment, cathode water was distributed to the to
the tank 12 by controlling the opening and closing of valve 16.
So, controlling the opening and closing of the valve 16 can
control the pH of mixture of anode water and cathode water in
the tank 12.

In addition, the signal of pH sensor dipped 1n the tank 12
can control the opening and closing of the valve 16 and then
the pH of mixture of anode water and cathode water 1n the
tank 12. Thus mixing anode water with cathode water within
3 minutes immediately after electrolysis produces the oxida-
tive mixed water.

Saturated saline was fed to the middle compartment
packed with glass beads. And pure water 1s fed to the anode
compartments at the flow rate of 0.5 I/min and to the cathode
compartment at the flow rate of 0.025 I/min. the pure water
was electrolyzed at the current of 12 ampere.

The oxidative mixture with pH 4 to 8 was produced.
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Table 4 shows the results of disinfections or sterilization
tests together with the pH, ORP, and concentration of residual
chlorine. Diluted solutions of 1 ml of 10°/ml Escherichia coli
with saline of 10 ml are embrocated on the agar media and
then incubated for 24 hours at 25° C. In the table 4, the symbol
of O indicates no growth of Escherichia coli, the symbol of 1
indicates the growth number of 1 to 10, the symbol of 2
indicates the growth number of 11 to 100, the symbol of 3
indicates the growth number of 101 to 1000, and the symbol
of 4 indicates the growth number of more than 1001.

TABL.

L1l

4

the concentration disinfections or

ORP of residual sterilization
pH (mV) chlorine (ppm) effects
mixture/ 4 1030 60 0
oxidative water 5 970 60 0
6 910 50 0
7 850 50 0
8 790 40 0
anode water 25 1170 65 0
cathode water 124 -234 0 1

Concentrations of residual chlorine 1n the table were mea-
sured by using KI colorimetric method. So, measured figures
indicate other oxidative species 1n addition to hypochlorite.

Table 4 indicates that the oxidative mixture of anode water
and cathode water reveals an excellent power of killing
microorganism 1rrespective of pH. The pH of oxidative mix-
ture 1s harmless 1n comparison anode water with pH 2.5 and
preferable to human bodies. The disinfections (sterilization)
elfectiveness of cathode water 1s lower than the anode water
or the oxidative mixture.

Experiment 2

Pure water 1s fed to the middle compartment 3 1n place of
saturated saline. When the glass beads are packed into the
middle compartment 3, an electrolysis voltage 1s higher than
1000 volt. So, 10n exchange resins are necessary to pack to the
middle compartment 3 to reduce the electrolysis voltage. In
this experiment, tluorinated cation exchange resins fabricated
by Dupont (Nafion NR80) were packed to the middle com-
partment 3. The electrolysis voltage was reduced to 20 volt
while the electrolysis current was kept at 10 ampere. In addi-
tion anion exchange resins or another cation exchange resins
can be used to the middle compartment 3. and then the oxi-
dative mixtures of pH 6 to 8 were produced.

FIG. 5 shows the disinfections (sterilization) effectiveness,
pH, ORP, and concentrations of residual chlorine of oxidative
mixed water with pH 6 to 8 produced 1n a similar way with the
experiment 1

TABLE 5
the concentration  disinfections or
ORP of residual sterilization
pH (mV) chlorine (ppm) effects
mixture/ 6 750 2 1
oxidative water 7 650 2 1
8 500 2 2
anode water 5% 850 3 2
cathode water 8O -110 0 2

In this experiment, the oxidative mixtures of anode water
and cathode water revealed the disinfections (sterilization)
elfectiveness. And then the pH of oxidative mixture was also
almost neutral.
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Since no chlornide 1on was added to the middle compart-
ment in this experiment, the concentration of chloride 1ons 1n
the anode and cathode water 1s very low. So, the power of
killing microorganisms 1s low, compared with the results in
the experiment 1. The oxidative mixture of anode water and
cathode water produced by adding chloride 1on to the middle
compartment 1s superior to the mixture without chloride 10ns
in view point of disinfections effectiveness.

Experiment 3

In this experiment, a fluorinated non-woven cloth was used
to cover the anode electrode and oxidative mixtures of anode
water and cathode water with pH 4 to 8 were produced. FIG.
6 shows the pH, ORP, concentrations of residual chlorine, and
disinfections (sterilization) effectiveness of the oxidative
mixtures produce in a similar way with the experiment 1.

TABL.

L1l

6

the concentration  disinfections or

ORP of residual sterilization
pH (mV) chlorine (ppm) effects
mixture/ 4 1045 75 0
oxidative water 5 0835 70 0
6 925 70 0
7 865 70 0
8 RO5 65 0
anode water 25 4465 80 0
cathode water 124 —-235 0 1

Since ORP values of the mixture were higher than those 1n
the experiment 1, high disinfections (sterilization) effective-
ness are considered to be higher. The oxidative water pro-
duced by using the electrolysis device containing the anode
clectrode covered with non-woven cloth 1s pretferable to dis-
infections (sterilization).

Experiment 4

FIG. 7 shows the electrolysis device used 1n this experi-
ment, containing the three-compartment cell with a bypass
line 14 as explained i FIG. 5. Oxidative mixtures with pH 4

to 8 were produced 1n a similar way with the experiment 1
shown 1n FIG. 6.

Table 7 shows the pH, ORP, concentrations of residual
chlorine, and disinfections (sterilization) effectiveness of oxi-
dative mixtures with pH 4 to 8.

TABL.

L1l

7

the concentration  disinfections or

ORP of residual sterilization
pH (mV) chlorine (ppm) effects
mixture/ 4 1040 75 0
oxidative water 5 980 70 0
6 920 70 0
7 RRO 70 0
8 820 65 0
anode water 25 1168 80 0
cathode water 124 -236 0 1

The oxidative mixtures with higher ORP values in Table 7
than those in Table 4 reveal higher disintections (sterilization)
clfectiveness in comparison with the experiment 1. So the
oxidative mixtures produce by using the electrolysis device
with the bypass line 14 1s preferable to the electrolysis device
without bypass lines.

10

15

20

25

30

35

40

45

50

55

60

65

16

Experiment 5

The valve 16 can adjust the mixing ratios of anode water
and cathode water in the experiments 1 to 4. In this experi-
ment, the volume of cathode compartment connected to the
tank 14 was reduced, 1n comparison with the volume of anode
compartment to change the mixing ratio of anode water and
cathode water and then the pH of mixtures can be controlled
in place of using the valve 14. FIG. 8 indicates the new
three-compartment cell 1n which the cathode compartment 1s
divided into two rooms of 2A and 2B by a partition plate 18.

In addition, a cathode compartment can be divided into
(N+1) rooms (N>2:1nteger number) with N piece of partition
plates. For example, first, the cathode compartment divided
into S rooms was prepared. A pH value of anode water pro-
duced by mixing anode water with cathode water using one
room differs from that using two rooms because a mixing
ratio of anode water and cathode water. The oxidative mixed
water with pH 4 to 8 1s desirable because the oxidative mixed
water 1s harmless to human bodies. The oxidative mixed
water with pH 6 to 8 1s preferable and furthermore the oxida-
tive water with pH 7.4 1s most preferable because the pH of
human bodies 1s 7.4 and same as the pH of oxidative mixed
water.

In actual use, using only one partition plate can produce the
most preferable oxidative water by setting a plate to the opti-
mum position for partitioning a cathode compartment. In this
experiment, the example of cathode compartment with two
room of 2A and 2B 1s explained 1n the following.

The three-compartment cell described 1n FIG. 8 1s setin the
water supply and drainage system described 1n FIG. 9. Oxi-
dative mixtures were produced in a similar way with the
experiment 1.

FIG. 8 shows the pH, ORP, concentrations of residual
chlorine, and disinfections (sterilization) effectiveness of the
oxidative mixture with pH 7.4 1n a similar way with the
experiment 1.

TABLE 8
the concentration  disinfections or
ORP of residual sterilization
pH (mV) chlorine (ppm) effects
mixture/ 7.4 R60 75 0

oxidative water

Experiment 6

Only one three-compartment cell was used 1n the experi-
ment 1 to 3. In this experiment, using of the three-compart-
ment cells more than two can adjust the pH of oxidative
mixtures. In this experiment, use of two sets of the three-
compartment cells was explained for sitmplicity 1n the follow-
ng.

FIG. 10 shows the electrolysis device containing two sets
of the three-compartment cells described 1n the experiment 1
set 1n the water supply and drainage system described 1n FIG.
10. The first cell fed both anode water and cathode water to the
tank 12 through the connecting two pipes. But the second cell
ted only anode water to the tank 12: no cathode water was fed
to the tank 12 through one connecting pipe. And saturated
saline was fed to the first middle compartment through the
second middle compartment by using pipe 9

In addition, a signal from the pH sensor 1in the tank 12 can
control the electrolysis voltage and current of two sets of the
three-compartment cell. As explained, anode water was sup-
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plied to the tank 12 from two sets of the three-compartment
cells and the cathode water from the second cell was supplied
to the tank 12. The electrolysis voltage and current of the
second three-compartment were adjusted to control the pH of
mixtures 1n the tank 12.

Pure water was fed to the anode compartments 1 of both
three-compartment cells at the tlow rate 01 0.5 I/min and to the
cathode compartment 2 of the second three-compartment
cells at the tlow rate 01 0.025 I/min. the electrolysis current of
the first three-compartment cell was keptat 11 ampere and the
clectrolysis current of the second three-compartment cell was
controlled to adjust the pH 1n the tank 12 to pH 7.4.

Table 9 shows the pH, ORP, concentrations of residual
chlorine, and disinfections (sterilization) effectiveness of the
oxidative mixture with pH 7.4.

TABL.

(L]

9

the concentration  disinfections or

ORP of residual sterilization
pH (mV) chlorine (ppm) effects
mixture/ 7.4 849 55 0

oxidative water

Experiment 7

The electrolysis device depicted 1n FIG. 7 differs from the
clectrolysis device depicted in FI1G. 6 in the connecting piping
system. In this experiment, anode water produced by the
second anode compartment was fed to the first cathode com-
partment as shown 1n FIG. 11.

Table 10 shows the pH, ORP, concentrations of residual
chlorine, and disinfections (sterilization) effectiveness of the
oxidative mixture produced, 1n a similar way with the experi-

ment 1.
TABLE 10
the concentration  disinfections or
ORP of residual sterilization
pH (mV) chlorine (ppm) effects
mixture/ 7.4 850 60 0

oxidative water

Experiment 8

In this experiment, two sets of three-compartment cells
containing the anode electrode covered with fluorinated non-
woven cloth described 1n the experiment 3 were employed.
And the water supply and drainage piping system shown in
FIG. 12 were employed, to which the bypass line 14 shown 1n
FIG. 10 was connected. The degasifier 18 of hydrogen gas
was set between the outlet of the cathode compartment 26 and

the tank 12 for safety.

Table 11 shows the pH, ORP, concentrations of residual
chlorine, and disinfections (sterilization) effectiveness of the
oxidative mixture with pH 7.4 produced at the distribution
rat1o of 1:1 between the anode compartment 1 and the bypass
line 14, 1n a similar way with the experiment 1.
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TABLE 11

the concentration  disinfections or

ORP of residual sterilization
pH (mV) chlorine (ppm) elfects
mixture/ 7.4 R76 110 0

oxidative water

Experiment 9

In this experiment, the electrolysis device composed of two
sets of the three-compartment cells with the anode electrode
6 covered with fluorinated non-woven cloth and water supply
and drainage system shown i FIG. 13 was employed, 1n
which the bypass line 14 was connected to the supply and
drainage piping shown FIG. 11.

Table 12 shows the pH, ORP, concentrations of residual
chlorine, and disinfections (sterilization) effectiveness of the
oxidative mixture produced with pH 7.4 produced at the
distribution ratio of 1:1 between the anode compartment 1
and the bypass line 14, 1n a similar way with the experiment

1.

TABLE 12
the concentration  disinfections or
ORP of residual sterilization
pH (mV) chlorine (ppm) eifects
mixture/ 7.4 870 100 0

oxidative water

Experiment 10

In this experiment, the electrolysis device described 1n
experiment 5 and water supply and drainage system shown 1n
FIG. 14 was employed, in which the bypass line 14 was
connected to the supply and drainage piping shown FIG. 9.

Table 13 shows the pH, ORP, concentrations of residual
chlorine, and disinfections (sterilization) effectiveness of the
oxidative mixture with pH 7.4 produced at the distribution
ratio of 1:1 between the anode compartment 1 and the bypass
line 14, 1n a similar way with the experiment 1.

TABLE 13

the concentration disinfections or

ORP of residual sterilization
pH (mV) chlorine (ppm) effects
mixture/ 7.4 R65 85 0

oxidative water

Experiment 11

The experiments 1 to 10 investigate the disinfections (ster-
ilization) eflectiveness of the oxidative mixed water using
bacterium of Escherichia coli. This experiment mvestigates
the power of killing microorganisms by using bacillus subti-
lis. Mixtures of the bacillus subtilis solutions with 10° per 1
ml of 1 ml and the oxidative mixture of 10 ml were embro-
cated on the agar plate and incubated for 24 hours at 25° C.
Table 14 shows the test results 1n which the symbol of 0
indicates no growth of bacillus subtilis, the symbol of 1
indicates the growth number of 1 to 10, the symbol of 2
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indicates the growth number of 11 to 100, the symbol of 3
indicates the growth number of 101 to 1000, the symbol of 4
indicates the growth number of more than 1001, and the
symbol of 5 indicates the growth number of more than 10001.

In addition, Table 15 shows the experimental result on
anode water, cathode water, and mixtures of anode water and
cathode water produced by two-compartment cell, for com-
parison. Table 16 shows the experimental results on the anode
water with pH 7.4 adjusted with sodium hydroxide, which 1s

produced by the three-compartment cell.

TABLE 14
kind of after 1 after 5 after 10
water experiment pH minutes minutes minutes
anode water 25 4 3 2
cathode water 124 5 4 4
mixture 1 5 4 3 2
mixture 1 6 4 3 2
mixture 1 7 4 3 2
mixture 1 8 4 3 2
mixture 3 5 3 2 1
mixture 3 6 3 2 1
mixture 3 7 3 2 1
mixture 3 8 3 2 2
mixture 4 5 3 2 '
mixture 4 6 3 2
mixture 4 7 3 2 1
mixture 4 8 3 2 2
mixture 5 74 3 2 2
mixture 6 74 3 2 1
mixture 7 74 3 2 1
mixture 8 74 ' 0 0
mixture 9 74 0 0
mixture 10 74 0 0

TABLE 15
kind of after 1 after 5 after 10
water experument pH minutes minutes minutes
anode water 25 5 4 3
cathode water 124 5 5 5
mixture 1 5 5 4 3

TABLE 16
kind of after 1 after 5 after 10
water experiment pH minutes minutes  minutes
anode water 74 4 4 3

Tables 14 to 16 suggest the following explanations.

(1) The oxidative mixed water of anode water and cathode
water produced by two-compartment cells revealed low
disinfections (sterilization) effectiveness.

(2) The anode water produced by the three-compartment cell
and adjusted to pH 7.4 with sodium hydroxide revealed
rather low disinfections (sterilization) effectiveness, com-
pared with the anode water with acidic pH.

(3) The oxidative mixture of the anode water and cathode
water produced by the three-compartment cell revealed
high power of killing microorgamisms. In addition, the pH
of oxidative mixture was neutral and not so harmful to
human bodies.

(4) The comparison of experiment 1 with experiments 3 to 10
indicates that the power of killing microorganisms of oxi-
dative mixtures produced by the electrolysis device shown
in the experiments 3 to 10 was superior to that by the
clectrolysis device 1n the experiment 1. In the experiment
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3, 8, and 9, the anode electrode 1s covered with fluorinated
non-woven cloth (technology A). In the experiment 4 and
10, the bypass line 1s connected to the anode compartment
(technology B). In the experiment 5 and 10, the cathode
compartment 1s divided with partition plates (technology
C). In the technology 6 to 8, plurality of the three-compart-
ment cells 1s employed (technology D). The disinfections
(sterilization) effectiveness of electrolysis devices descried
in the experiment 8 to 10 1s superior to other anode water.
So, the combined use of technologies A, B, C, or D 1s
preferable 1n actual use to enhance the power of killing
microorganisms.

Table 17 shows the test results on power of killing bacillus
subtilis by oxidative mixed water after 12 months after pro-
duction. The symbols 1n the table are same as those in Table

14.

TABLE 17

kind of after 1 after 5 after 10
water experument pH minutes minutes minutes
mixture 1 5 4 3 2
mixture 1 6 4 3 2
mixture 1 7 4 3 2
mixture 1 8 4 3 2
mixture 3 5 3 2 1
mixture 3 6 3 2 1
mixture 3 7 3 2 1
mixture 3 8 3 2 2
mixture 4 5 3 2 1
mixture 4 6 3 2

mixture 4 7 3 2 1
mixture 4 8 3 2 2
mixture 5 74 3 2 2
mixture 6 74 3 2 1
mixture 7 74 3 2 1
mixture 8 74 ‘ 0 0
mixture 9 74 0 0
mixture 10 74 0 0

This table indicates the power of killing microorganisms 1s
kept for long time after production. So since the shelf life of
the oxidative mixed water products 1s very long and so the
cost of products can be cut.

Experiment 12

This experiment investigates the effectiveness of oxidative
mixed water on wound healing. Table 18 shows the experi-
mental results on wound healing with oxidative mixed water
produced 1n the experiment 9. For comparison, the acidic
anode water with pH 2.5 obtained 1n the experiment 1, saline
with no additive, and saline with pH 7.4 and hypochlorite of
50 ppm was employed.

In this experiment, rats were used. The skin on their back

was shaved, and then skins were cut each by 1 cm” to form
wound sites.

Then, only for the first seven days, the oxidative mixed
solutions were applied drop wise twice per day while care
being taken so that the liquid did not overflow from the wound
site. Subsequently, the wound sites were left untouched. The
areca of the wound sites was determined by a planimetry

method, and each was expressed as a percentage of 1ts area on
the first day.
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TABLE 18
after after after after
0 day 7 days 14 days 24 days
oxidate mixture 11 025 001 0
anode water 104 038R 003 0
saline 101 07 011 005
hypochorite 098 055 01 004

The table suggests that the oxidative mixed water 1s more
elfective to wound healing than acidic anode water and other
solutions and 1s not harmful to human bodies because the pH
1s neutral.
What 1s claimed 1s:
1. A method of manufacturing oxidative water to be
employed for sterilization, comprising;
obtaining anode water with an electrolyzing process
employing an electrolysis device, said electrolysis
device comprising an anode compartment, a cathode
compartment, and a middle compartment, said middle
compartment being provided between said anode com-
partment and said cathode compartment, a separating
membrane between the cathode compartment and the
middle compartment including a fluorinated cation
exchange membrane, and a separating membrane
between the anode compartment and the middle com-
partment imncluding both an anion exchange membrane
and a fluorinated cation exchange membrane;

obtaining cathode water with the electrolyzing process;
and
mixing the anode water and the cathode water.
2. The method according to claim 1, wherein:
said electrolysis device includes a structure 1n which the
cathode compartment 1s provided with partitioning
plates and said cathode compartment 1s partitioned into
N cells (where N 1s an integer of 2 or more); and

the cathode water 1n said mixing step 1s cathode water
coming from the cells of which the number 1s (N-1) or
less 1n the cathode compartment of said electrolysis
device.

3. The method according to claim 1, wherein:

said electrolysis device employed in said anode water pro-

ducing step has a structure 1n which a bypass line 1s
provided 1n parallel to the anode compartment; and

the anode water in said mixing step 1s water obtained by

adding raw water coming from said bypass line without
passing through said anode compartment to the anode
water coming from said anode compartment.

4. The method according to claim 1, wherein:

the separating membrane between said anode compart-

ment and said middle chamber of said electrolysis
device 1s provided on a middle chamber side and also a
porous anode electrode 1s provided on an anode com-
partment side, said separating membrane and said anode
clectrode are closely attached to each other; and

said mixing includes using the anode water obtained by

performing the electrolyzing process employing said
clectrolysis device.

5. The method according to claim 4, wherein the fluori-
nated cation exchange membrane and the anion exchange
membrane of the separating membrane provided between
sald anode compartment and said middle compartment of
said electrolysis device are laminated.

6. The method according to claim 1, wherein:

the separating membrane between said anode compart-
ment and said middle chamber of said electrolysis
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device 1s provided on a middle chamber side and also a
porous anode electrode 1s provided on an anode com-
partment-side, and said separating membrane and said
anode electrode are closely attached to each other, and
further wherein a porous insulator 1s provided on the
anode compartment-side surface of said anode elec-
trode; and

said mixing includes using the anode water obtained by

performing the electrolyzing process employing said
clectrolysis device.

7. The method according to claim 6, wherein said porous
insulator 1s a non-woven cloth made of fluorine-contained
resin.

8. The method according to claim 1, wherein:

between said cathode compartment and said middle cham-

ber of said electrolysis device, a separating membrane 1s
provided on a middle chamber side and also a porous
cathode electrode 1s provided on a cathode side, said
separating membrane and said cathode electrode are
closely attached to each other, and further said separat-
ing membrane 1s configured by employing an 1on
exchange membrane; and

said mixing includes using the cathode water obtained by

performing the electrolyzing process employing said
clectrolysis device.

9. The method according to claim 1, wherein:

1on exchange resin 1s provided 1n said middle compartment

of said electrolysis device; and

said mixing includes using the anode water and/or cathode

water obtained by performing the electrolyzing process
employing said electrolysis device.

10. The method according to claim 1, wherein:

an electrolytic material MX (where X 1s a halogen) 1s

charged into said middle chamber of said electrolysis
device; and

said mixing includes using the anode water and/or cathode

water obtained by performing the electrolyzing process
employing said electrolysis device having the middle
compartment in which said MX exists.

11. The method according to claim 1, wherein said mixing
uses water produced by an 1dentical electrolysis device.

12. The method according to claim 1, wherein said anode
water and said cathode water to be employed 1n said mixing
are water produced by different electrolysis devices, respec-
tively.

13. The method according to claim 1, wherein said mixing
includes mixing said anode water and said cathode water so
that mixed water with pH 4 to 8 1s produced.

14. The method according to claim 1, wherein said mixing
includes mixing said anode water and said cathode water so
that mixed water with a pH of 6 to 8 1s produced.

15. The method according to claim 1, wherein the mixing
of said anode water and said cathode water i1s performed
within 300 minutes after production of said anode water and
said cathode water.

16. The method according to claim 1, wherein the mixing
of said anode water and said cathode water 1s performed
within 30 minutes after production of said anode water and
said cathode water.

17. The method according to claim 1, wherein said manu-
facturing method 1s a method of manufacturing oxidative
water to be employed for wound healing.

18. The method according to claim 1, wherein said mixing
1s performed immediately after electrolysis, without tempo-
rarily storing said cathode water and said anode water.
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